and presence of metabolic syndrome according to the definition by the International Diabetes Association. 19 A thorough medical history included the use of drugs and alcohol consumption as well as a history of arterial hypertension, hyperlipidemia, and diabetes mellitus, defined by clinical diagnosis requiring medical therapy. A physical examination including height, weight, hip, and waist measurements was performed in each patient.
The exclusion criteria were as follows: liver cirrhosis, alcohol consumption of more than 60 g/wk in women and more than 100 g/wk in men, chronic use of drugs known to induce liver steatosis (nonsteroid anti-inflammatory drugs, amiodaron, tamoxifen, methotrexate, and corticosteroids), inflammatory bowel disease, infection with hepatitis C virus (HCV), transferrin saturation index over 50%, ceruloplasmin levels of less than 18 mg/dl, present or past coagulation disorders, clinical features of liver dysfunction or portal hypertension, and age below 18 years.
Liver biopsy All patients had liver biopsy performed not earlier than 2 weeks before enrollment to the study. Liver samples were obtained using Menghini needles with a diameter of 1.4 or 1.6 mm (HEPAFIX®, B. Braun Melsungen AG, Germany), in accordance with the accepted standards. The minimum length of the biopsy sample eligible for a histological assessment was 1.5 cm. An experienced pathologist blinded to the clinical data reviewed liver samples.
Fatty liver was defined as the presence of at least 5% steatosis, while steatohepatitis was diagnosed by the simultaneous presence of steatosis, inflammation, and ballooning graded according to the NAFLD activity score (NAS). 19 Depending on the result of the NAS, patients were divided into 3 groups: non-NASH (0-2 points, steatosis with or without nonspecific inflammation), indeterminate or borderline type (3-4 points), and definite NASH (≥5 points). Hepatic fibrosis was assessed from trichrome-stained sections and was staged using the Liver Fibrosis Staging System from 0 to 4. 20 Based on this system, fibrosis was categorized into 2 groups: none-to-minimal fibrosis (F0-F1) and moderate-to-severe fibrosis (F2-F3).
Laboratory analysis All participants underwent a routine laboratory workup, including a complete blood count, alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltranspeptidase (γ-GTP), albumin, total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, C-reactive protein (CRP), glucose, insulin, prothrombin index, ceruloplasmin, iron parameters, and viral serology (hepatitis B surface antigen and HCV antibody).
The blood count was determined using an automated hematology analyzer, Sysmex XT-2000i (Sysmex Europe GMBX, Norderstedt, Germany). The serum levels of ALT, AST, γ-GTP, CRP, albumin, total cholesterol, HDL cholesterol, triglycerides, iron, and glucose were measured using an to the search for alternative, noninvasive methods to detect NASH and advanced liver fibrosis. The number of serum fibrosis biomarkers has increased significantly over the past decade, and validated scores are beginning to be introduced into clinical practice to screen patients for advanced fibrosis, which influences further diagnostic and therapeutic strategies.
Most predictive models have been designed to assess patients with hepatitis C, for whom they have been validated, and few methods were specifically developed for patients with NAFLD. 4 Furthermore, some biomarker panels have been developed on the basis of routine liver function tests, and others rely on nonroutine variables directly involved in the molecular pathogenesis of fibrogenesis and fibrinolysis. These biomarkers are commonly combined with clinical risk factors for hepatic fibrosis, such as age, obesity, or diabetes. [5] [6] [7] [8] [9] [10] [11] [12] Recently, serological parameters reflecting insulin resistance, oxidative stress, or hormonal activity of visceral adipose tissue have attracted increasing attention. Several adipokines have been implicated in the pathogenesis of NASH and NAFLD. Leptin and adiponectin have been extensively explored in patients with NAFLD, 13 but the role of recently discovered adipokines in the development of liver inflammation and fibrosis is still unclear. Visfatin is a proinflammatory and insulin-mimetic adipokine that contributes to glucose and lipid metabolism. The avaialable data on the effect of visfatin on different histopathological components of NAFLD are inconsistent. 14, 15 It has been postulated that gut microflora participates in the pathogenesis of obesity and NAFLD by damaging the intestinal mucosal barrier. 16 Moreover, some bacterial species produce small amounts of alcohol entering the portal venous system. Intercellular tight junctions are the key structures regulating paracellular trafficking of macromolecules, and zonulin is one of the physiological mediators of this process. 17 Because the serum zonulin level in obese patients is correlated with proinflammatory cytokines, it has been hypothesized that this molecule may be a link between gut microflora and the obesity--related state of microinflammation.
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The aim of this study was to assess the predictive power of serum levels of zonulin, haptoglobin, visfatin, hyaluronic acid, and tissue polypeptide-specific antigen (TPSA) along with readily available clinical, demographic, and laboratory variables to identify moderate-to-severe fibrosis.
PATIENTS AND METHODS Study population
The study involved a total of 70 participants (30 women and 40 men) diagnosed with NAFLD and enrolled prospectively to the study between 2006 and 2013 (patients hospitalized in a tertiary referral university hospital). The mean age of the patients was 45.7 ±13.3 years (range, 20-73 years). The inclusion criteria were as follows: hyperechogenic pattern of the liver, elevation of alanine aminotransferase over 1.5 × the upper normal limit, distribution, means and standard deviations were calculated. In the case of variables deviating from the normal distribution, the median values with interquartile ranges were calculated.
Subjects were divided into the following subgroups: none-to-minimal fibrosis (F0 and F1) and moderate-to severe fibrosis (F2 and F3). Selected variables were compared between the groups using the t test and Mann-Whitney test. A nonparametric analysis of variance (Kruskall-Wallis test) for continuous variables was used when more than 2 groups were compared. For comparisons of categorical variables, such as the prevalence of disease or condition, the χ 2 homogeneity test was used. A P value of less than 0.05 was considered statistically significant.
The principal objective of the study was to predict the presence of moderate-to-severe fibrosis by a combination of demographic, clinical, and laboratory data. For this purpose, univariate and multivariate regression analyses were performed. In our regression models, predictor variables were the demographic, clinical, and laboratory parameters and the dependent variable was the presence of moderate-to-severe fibrosis found on histopathological assessment (F2 and F3). For the construction of a multivariate model, only variables demonstrating significant interactions were considered (after performing the interaction analysis). A logistic regression analysis was performed for the dependent variable (F2 and F3) with sigma limitations in a stepwise backward model with v-fold cross validation.
The predictive power of the variables differentiating none-to-minimal fibrosis from moderate--to-severe fibrosis, namely the sensitivity, specificity, positive/negative predictive values, and area under the receiver operating characteristic (AUROC) curves with 95% confidence intervals were calculated for each model.
RESULTS
The demographic and clinical characteristics of the patients according to the severity of fibrosis are presented in TABLE 1. The variables independently associated with definite NASH in a multivariate analysis (NASH activity score greater than 4) are shown in TABLE 2. Patients with fibrosis staged F0 and F1 (none-to-minimal fibrosis; n = 54) differed significantly from patients with fibrosis staged F2 and F3 (moderate-to-severe fibrosis; n = 16) with respect to the prevalence of arterial hypertension, diabetes, coronary heart disease, and hypothyroidism (TABLE 3) . The variables showing a significant change across the progression of liver fibrosis from F0 to F3 in the Kruskall-Wallis test included age (P <0.01), serum levels of hyaluronic acid (P <0.001), and AST/ALT ratio (P <0.01).
The results of univariate and multivariate analyses according to the severity of fibrosis are shown in TABLE 4. In the multivariate analysis, the variables with an independent effect on moderate--to-severe fibrosis were age, arterial hypertension, platelet count, red blood cell (RBC) count, serum autoanalyzer, Olympus AU 680 (Olympus, Dallas, Colorado, United States). Serum ferritin and insulin levels were assayed using Advia Centaur XP (Siemens, Erlangen, Germany). The prothrombin index was determined using the hemostasis testing system ACL TOP 500 (Werfen Company, Barcelona, Spain). In all 70 patients, the serum concentrations of hyaluronic acid, zonulin, and haptoglobulin were determined. In 41 participants, the serum concentrations of adiponectin, leptin, visfatin, and TPSA were assessed. Hyaluronic acid, zonulin, and haptoglobulin levels were measured by sandwich enzyme-linked immunosorbent assays (ELISA; Teco Medical, Switzerland, Immundiagnostic AG, Germany, and Zytomed, Berlin, Germany, respectively). The concentrations of adiponectin, leptin, visfatin, and interleukin 6 were determined using ELISA kits (Human Adiponectin ELISA KIT, BIOVENDOR, Laboratorni medicina a.s., Brno, Czech Republic, and PHOE-NIX PHARMACEUTICALS, Karlsruhe, Germany), and the TPSA concentration was measured by an immunoenzymatic assay with the use of Immulite 1000 analyzer (Siemens). All measurements were performed according to manufacturers' guidelines.
The demographic and clinical data of patients in this study were used for testing several well-known predictive models of advanced fibrosis. APRI (aspartate aminotransferase to platelet count ratio) was calculated as a ratio of AST (IU/l) to platelet count (×10 3 /mm 3 ), which typically yields a range of results from 0.1 to 8.0. According to an original method, the BAAT score (body mass index, age, alanine aminotransferase, triglycerides) was calculated by designating 1 point to the following parameters: body mass index (BMI) >28kg/m 2 , age >50 years, ALT >2× the upper normal limit, and triglycerides. The BARD score (body mass index, alanine aminotransferase to aspartate aminotransferase ratio, diabetes) was calculated by designating 0-2 points to the following parameters: BMI ≥28 kg/m 2 = 1; BMI <28 kg/m 2 = 0; AST/ALT ratio ≥0.8 = 2; AST/ALT ratio <0.8 = 0; and new-onset or preexisting diabetes = 1. A total of 2-4 points indicated significant fibrosis. The NAFLD fibrosis score (NFS) included age, hyperglycemia, BMI, platelet count, albumin, and AST/ALT ratio. By applying the low cutoff score (−1.455), advanced fibrosis was excluded, and the high cut-off score (0.676) indicated the presence of advanced fibrosis.
Written informed consent was obtained from each participant enrolled to the study. concentrations of hyaluronic acid, and AST activity. After the exclusion of patients with fibrosis stage 1, additional independent variables were waist circumference, diabetes, international normalized ratio, and RBC distribution width (RDW).
In a cohort of 70 patients, the ROC curve analyses were performed for all available parameters Abbreviations: ALT -alanine transaminase, AST -aspartate transaminase, BMI -body mass index, CRP -C-reactive protein, DBP -diastolic blood pressure, HDL -high-density lipoprotein, HOMA-IR -homeostasis model assessment of insulin resistance, INR -international normalized ratio, IQRinterquartile range, RBC -red blood cell, SBP -systolic blood pressure, SD -standard deviation, TIBC -total iron binding capacity, TPSA -tissue polypeptide-specific antigen, γ-GTP -γ-glutamyltranspeptidase -proven NAFLD with an extensive collection of clinical, laboratory, and histological data. Laboratory variables involved easily accessible data of known and unknown significance to predict liver injury, and additional parameters such as haptoglobin, zonulin, cytokeratin 18, interleukin 6, hyaluronic acid, adiponectin, leptin, and visfatin. All liver biopsies were assessed by a single hepatopathologist using a standardized pathologic protocol. The model predicting advanced fibrosis was validated by 2 different methods, namely, multivariate regression and ROC curve analyses. NASH is characterized by composite histopathological abnormalities encompassing steatosis, hepatocyte injury, and inflammation. About 15% of patients with NASH develop cirrhosis. 21 Given that NASH and hepatic fibrosis are the surrogate markers for progressive liver disease and premature death from cardiovascular complications, early identification of these patients could have important prognostic significance. In our study, independent predictors of NASH were HOMA-IR, serum AST activity, platelet count, and serum levels of haptoglobin, zonulin, and TPSA. These results confirm the significance of insulin resistance and hepatocyte apoptosis for the pathogenesis of NASH. At present, cytokeratin 18 (CK18) fragments are the only recognized biomarker for NASH despite several limitations. 22 TPSA is synonymous with the CK18 molecule, which yields worse results in the identification of NASH than its caspase-3-derived fragments. The strength of our study lies in that we identified new potential biomarkers for NASH, such as haptoglobin and zonulin. These proteins are functionally interrelated because zonulin is the precursor of haptoglobin. Recently, it has been shown that mucosal permeability for endotoxins and other bacterial products is essential for the development of hepatic inflammation and fibrosis by activating toll-like receptors expressed on the surface 0.80; cut-off, 53.8 ng/ml), and RBC/RDW ratio (AUROC curve, 0.77; cut-off, 0.31).
In order to build our own predictive model of moderate-to-severe fibrosis, we used 6 variables with the highest AUROC curves (age, platelet count, RBC/RDW ratio, visfatin, TPSA, and hyaluronic acid) and 1 point was attributed to each variable lying beyond the cut-off value; therefore, the highest score for 1 patient was 6. Thirty-eight patients in whom all necessary variables were accessible were enrolled to construct this model. Sixteen patients had no fibrosis, 14 had minimal fibrosis (F1), and 8 had fibrosis stage F2 or F3. Obtaining 3 or more points classified the patient to the group of advanced fibrosis with a sensitivity of 75% and specificity of 100% (AUROC curve was 0.93; positive predictive value was 1.00; and negative predictive value was 0.89). Our predictive model was compared with other scoring systems of recognized effectiveness, namely, APRI, BARD, BAAT, and NFS (FIGURE). DISCUSSION The major aim of this study was to predict the presence of moderate-to-severe fibrosis in NAFLD on the basis of a combination of demographic, clinical, and laboratory variables. The study prospectively included patients with biopsy- of hepatocytes and Kupffer cells. 16 Zonulin is an important component of the intestinal mucosal barrier, and all factors leading to the loss of mucosal integrity might be a source of increased release of zonulin into circulation. In a recently published study, morbidly obese patients showed the elevated serum levels of zonulin, which correlated with the number of bacterial colonies in the large bowel. 18 Increased zonulin levels were also found in patients with insulin resistance irrespective of their body mass. 23 Haptoglobin is an acute phase protein synthesized in the liver. In a Japanese study comprising 126 patients with NAFLD, fucosylated haptoglobin levels were selectively increased in patients meeting the histopathological criteria for NASH and showed a close relationship with hepatocyte ballooning. 24 Further studies investigating haptoglobin and zonulin as the predictors of NASH are needed. Our study confirms previous data that the presence of the components of metabolic syndrome, such as diabetes, arterial hypertension, and ischemic heart disease, increase the risk of advanced hepatic fibrosis. Interestingly, moderate-to-severe fibrosis occurred more often in patients with hypothyroidism. 25 An effect of thyroid hormones on hepatic fibrosis is poorly understood and should be further explored. In our study, advanced fibrosis was not associated with hyperlipidemia. This finding may correspond with the lack of a significant effect of hypolipemic drugs on liver histopathology in NAFLD.
In this study, age, waist circumference, platelet count, AST/ALT ratio, erythrocyte count, RDW, international normalized ratio (INR), and serum levels of AST, hyaluronic acid, TPSA, and visfatin were found to be the independent predictors of moderate-to-severe fibrosis in the multivariate analysis or ROC curve analyses. These variables were even more closely related with advanced fibrosis when patients with fibrosis stage 1 were excluded from the analysis. This observation can be easily explained because the boundaries between the lack of and minimal fibrosis may be subject to many errors in both histopathological and noninvasive assessments. 16 Similarly to other studies, we found that the serum level of hyaluronic acid correlates with the progression and extension of liver fibrosis. Accordingly, hyaluronic acid is a component of several fibrosis tests based on laboratory parameters. 26 TPSA was a variable that was increased in both NASH and advanced fibrosis. Recently, it has been shown that serum CK18 levels correlate with hepatic angiogenesis, which is a necessary step for the development of fibrosis. 27 In our study, waist circumference, but not BMI, was associated with advanced fibrosis, thus showing that mesenteric fat is a more important predictor of significant fibrosis than body weight, which again emphasizes the metabolic role of visceral adipose tissue.
Visfatin is an adipokine predominantly expressed and secreted by visceral adipocytes and macrophages infiltrating the adipose tissue. This may also be associated with portal hypertension that predisposes to a microscopic loss of RBCs through the gastrointestinal mucosa subjected to ischemia. There are several commonly accepted scoring systems predicting significant or advanced fibrosis in NAFLD. 4, 11 The BARD score including the BMI, AST/ALT ratio, and presence of diabetes was validated on a large sample of American patients with NAFLD, 8 but was also positively reevaluated in the Polish population with fatty liver. 32 The NFS incorporates 6 easily accessible variables and shows great accuracy for advanced fibrosis. It is the most extensively studied scoring system with external validation in 13 studies, involving more than 3000 patients. 33 The BAAT and APRI scores are older scores showing poor sensitivity but reasonable specificity for advanced fibrosis. 34, 35 On the basis of the 6 variables reaching the AUROC curves over 0.75 in the prediction of significant and advanced fibrosis, we constructed our own scoring system, which performed as good or better (AUROC curve, 0.93; sensitivity, protein shows multiple functions as a regulator of energy homeostasis, insulin receptor sensitivity, innate immunity, and inflammation. Studies on circulating visfatin in NAFLD patients provided conflicting results that showed either increased or normal levels. [28] [29] [30] [31] However, serum visfatin and its liver expression positively correlated with proinflammatory cytokines and histological inflammatory activity of hepatic portal tracts. [28] [29] [30] Moreover, in our previous study, the hepatic expression of visfatin in morbidly obese patients was positively correlated with the hepatic fibrosis stage. 15 In the current study, the levels of visfatin below 32 ng/ml presented a high negative predictive value for advanced fibrosis; therefore, such results would allow to avoid liver biopsy in numerous patients with NAFLD.
Moderate-to-severe fibrosis may be associated with clinically latent metabolic liver insufficiency and portal hypertension. Indeed, we found a small but significant increase in INR and reduction of platelet count in these patients. A decrease in erythrocyte count and abnormal RDW FIGURE Area under the receiver operating characteristic curves of various scoring systems for predicting moderate--to-severe fibrosis Abbreviations: APRI -aspartate aminotransferase to platelet count ratio, BAAT -body mass index, age, alanine aminotransferase, triglycerides, BARD -body mass index, alanine aminotransferase to aspartate aminotransferase ratio, diabetes, NFS -nonalcoholic fatty liver disease fibrosis score 75%; specificity, 100%) than the previously published predictive models; however, it should be stressed that those findings need to be reproduced in much larger studies. Our study has several limitations including a cross-sectional design, the lack of external validation of our scoring system, and a small number of patients with advanced fibrosis. Therefore, the clinical utility of our scoring system needs to be confirmed in a larger validation set of patients with NAFLD.
In summary, we found several novel and easily available clinical and laboratory variables to identify patients who are at risk of progressive liver disease. Moreover, we developed a noninvasive, easy-to-use scoring system to accurately predict moderate-to-severe fibrosis in NAFLD. Such a scoring system would be clinically valuable because patients with advanced fibrosis require closer monitoring or inclusion in clinical trials testing novel therapies.
